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1. Introduction 
Recently it has been shown that the Raman 
spectrum of human haemoglobin (Hb A) provides 
valuable information about the structural properties 
of the haem group, since the frequencies of its mole- 
cular vibrations are sensitive to changes in geometry 
and bonding [l-3] . One of the most interesting 
features of the Raman spectrum of haemoglobin is 
the strongest Raman line near 1370 cm-’ . This line 
has been assigned to a X-N-stretching vibration in 
the pyrrole rings of the haem group [ 1,3] . The 
frequency of this vibration is considerably higher 
in oxygenated Hb A (1376 cm-‘), where the iron 
atom is assumed to be nearly or exactly centered 
in the plane of nitrogen atoms of the haem group 
[4] than in deoxygenated Hb A (1355 cm-‘) where 
the iron atom is displaced by 0.075 nm out of the 
plane [5] . In methaemoglobin the frequency of 
this line depends upon the ligand at the 6th 
coordination site of the iron. A shift to lower frequen- 
cies (from 1373 to 1369 cm-r ) is found when compar- 
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ing OH-Hb(III), a low spin Fe(II1) compound at pH 9 
(assumed in plane), and HsO-Hb(III), a high spin 
Fe(II1) compound [4,6] at pH 6 (0.03 nm out of 
plane), respectively. Thus in both oxidation states 
of haemoglobin one finds the following correlation: 
The more the iron is displaced out of the plane of the 
haem group, the lower is the frequency of the Raman 
line in the region of 1370 cm-‘. This led to the 
assumption that the frequency of this Raman line, 
henceforth called IPD (iron position dependent), moni- 
tors the position of the iron atom relative to the 
porphyrin plane. 
In this report we have studied the behaviour of 
the IPD-line in relation to a change of the state of oxi- 
dation and/or ligation of the abnormal haemoglobins 
Hb M Iwate and Hb Zurich. 
In Hb M Iwate the proximal histidine (His F8) in 
the (Y chains is replaced by tyrosine [7,8] . In this mu- 
tant the iron of the OL chains has a strong tendency 
to be hexaco-or&rated where the distal His E7 occu- 
pies the 6th and Tyr F8 the 5th coordination site, and 
the iron remains in the ferric state. Binding of external 
ligands to the a chains is thereby excluded, and the p 
chains are the only binding sites for oxygen [9] . 
Furthermore Hb M Iwate is frozen in the quaternary 
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T structure [lO,ll] , but nevertheless hows allosteric 
behaviour as indicated by a considerable /$-/I-interac- 
tion (n = 1.6 at pH 7.0; maximum n = 1.8 above pH 9), 
a Bohr effect, and a DPG-effect [ 12,131. Perutz has 
postulated the high spin-low spin transition of the 
iron is the allosteric trigger. Consequently it is suggested 
that a transition in the quaternary structure causes a 
change in the spin state of the iron and a change in the 
spin state induces a change in the quaternary structure 
1141. 
TWO questions may thus be answered by experi- 
ments on Hb M Iwate: 1) Does the iron of the Q chains 
sense the change of the spin state in the /_I chains in- 
duced by ligation, and 2) is the spin state transition of 
the iron in the /3 chains restricted by the conformation- 
ally non-active (Y chains and the frozen quaternary T 
structure, respectively? 
Hb Zurich shows a replacement of the distal His E7 
of the /.I chains by arginine [ 151. The MijDbauer and 
magnetic susceptibility data have led to the interpre- 
tation that the iron atoms of the deoxygenated /I 
chains are in the low spin Fe(I1) state [ 161 . Hb Zurich 
undergoes an allosteric transition but with diminished 
co-operativity (n = 1.8) [ 171 as compared with Hb A. 
These facts seem to confirm Perutz’s hypothesis. The 
IPD-line of the Raman spectrum of Hb Zurich should 
be sensitive to the difference in the spin state via the 
different out-of-plane displacement of the iron in the 
cr and p chains and show any influence of low spin 
iron(I1) of the f3 chains on the spin state of the iron in 
the neighboring Q chains. Thus we expected the Raman 
study of Hb Zurich to provide a further test of the 
Perutz hypothesis. 
2. Experimental 
Haemoglobin M Iwate was purified as described 
elsewhere [ 11,121. Haemoglobin Ziirich was isolated 
according to the method described in [ 181. The 
haemoglobins were stripped from 2,3-bisphosphogly- 
cerate by aid of gel filtration on Sephadex-GSO, equi- 
librated with 0.1 M NaCl [ 191 and dissolved in 0.2 M 
bis-Tris buffer pH 7.0 to a concentration of approx. 
5 X 1 O5 M in haem. The Raman spectra were deter- 
mined under the conditions described elsewhere [3]. 
3. Results and discussion 
The Raman spectrum of the totally oxidized Hb M 
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Iwate at pH 7 closely resembles that of oxidized Hb A. 
In particular, the IPD-Raman line (see fig. 1) was found 
at exactly the same frequency as for met Hb A namely 
at 1368 cm-’ [3] . After reduction of the haem iron of 
the normal fl subunits of Hb M Iwate by addition of a 
small amount of sodium dithionite, the ($lme*pd~w)s 
hybrid is observed. The existence of these hybrids is 
proved by a characteristic visible absorption of the 
&me*-chalns at 6 10 nm. The IPD-Raman line splits 
apart into two lines. The line at 1368 cm-’ has half the 
intensity as compared to the similar line found for 
totally oxidized Hb M Iwate. This line corresponds to 
the &-N-stretching vibration of the abnormal aMme* 
chains, The other line appears at 1355 cm-’ and thus 
is in an exact agreement with that found in deoxy Hb 
A. This line is therefore assigned to the =C-N-stretching 
vibration in the normal deoxygenated fl chains of Hb 
M Iwate. The higher intensity of the line at 1355 cm-’ 
is simply accounted for by the fact, that in Raman spec- 
troscopy the intensity increases for lines (Xremb= 408 
nm; QjmxvW 430 nm) closer to the wavelength of 
the exciting laser light (X,= 488 nm). The observed 
spectrum of Hb M Iwate (@mtifldeoxv)a corresponds 
r- x. a 
Ll”l’l’I’ 
1400 1350 
- Frequency [cm-‘] 
Fig. 1. Part of the resonance Raman spectra of Hb M Iwate 
near 1370 cm-‘. 5 X 10-s M in 0.1 M bis-Tris pH 7.2. Spectral 
slit width: 3.2 cm-’ ; rate of scan: 50 cm-’ X min-’ ; time 
constant: 3 s. A: totally oxidized Hb M Iwate, CY~ 
B: non-oxidized Hb M Iwate, ~~!~~*p?y. 
Mme$met. 
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to the combination of the Raman spectrum of Hb A 
in the met and deoxy form. 
This simple superposition is surprising in view of 
the fact that the missing proximal histidine on the cu 
chains makes a proper binding of the haem iron to the 
F helix impossible. One would therefore have expected 
a drastic alteration of the geometry in the haem cleft. 
This experiment implies that upon reduction of 
Fe(II1) (0 chains) the’position of the iron in the haem 
group of the /l chains changes but the iron in the (Y 
chain haem group (Fe(II1)) does not. This observation 
also fits with results of the electron spin resonance, 
which showed that ligation of /3 chains in Hb M Iwate 
with CO does not influence the symmetry of the 
ligand field of the haem iron of the (Y chains [20] . The 
spectral change of the haem group (IPD-line) upon 
reduction of the iron in the /l chains of Hb M Iwate is 
identical to that found upon deoxygenation of Hb A. 
We therefore conclude that the movement of the iron 
relative to the haem plane (Hb A or the p chains of 
Hb M Iwate) and the change in spin state are similar 
for reduction of met forms and for the deoxygenation 
of Hb A. In both cases we are going to a final state of 
high spin Fe(I1). 
The absence of spectral changes for the haem groups 
of the Q chains is consistent with the observation that 
the molecule remains frozen in the quaternary T state. 
However the observed change in 0 chain spectra and 
the changes in spin state are not consistent with Perutz’s 
idea that in such co-operative ligand reactions the 
quaternary structure must change. 
From our results we conclude that it is not neces- 
sary for the quaternary structure to change when the 
spin state changes. 
In Hb Zurich the structural abnormality involves the 
f3 chain distal histidine which is replaced by arginine. 
Compared to Hb A its affinity for oxygen is higher, 
whereas it shows a smaller value for the Hill parameter 
(n = 1.8) [ 171. In a recent publication it was conclud- 
ed that, based on visible absorption, susceptibility and 
MijDbauer data, the iron atom in the abnormal fl chains 
of deoxy Hb Zurich has a lower spin state than the 
iron in normal deoxygenated Hb A [ 161. However, 
when Raman spectra of deoxy Hb Zurich were taken 
they proved nearly identical to that of normal deoxy 
Hb A. In particular the IPD-Raman line in deoxy Hb 
Zurich is exactly the same in shape and frequency as 
in deoxy Hb A (see fig. 2). One would expect a split- 
- Frequency [cm’] 
Fig. 2. Resonance Raman spectra of Hb Zurich in the region 
around 1370 cm-‘. Conditions described in the legend of fig. 
1. A: deoxygenated Hb Zurich. B: deoxygenated Hb A. 
ting into two lines, as in the case of Hb M Iwate, if 
different spin states of the two types of chains were, 
as expected, accompanied by different out-of-plane 
displacements of the iron atoms of the (Y and/l subunits. 
The Raman spectrum indicates that all haem groups 
are equivalent with regard to their -C=N-vibrations. 
These results suggest hat the position of the iron atom 
should be the same in both normal ~11 and abnormal fl 
chains for Hb Zurich. 
Despite the large differences in 0s affinity, co-ope- 
rativity and preferred quaternary structure in Hb A, 
Hb M Iwate, and Hb Zurich the position of the iron 
atom relative to the haem plane is independent of the 
quaternary state of these different haemoglobins in 
either the non-Iiganded or met forms. 
References 
III 
I21 
[31 
Brunner, H., Mayer, A., and Sussner, H. (1972) J. Mol. 
Biol. 70,153-156. 
Strekas, T. C. and Spiro, T. G. (1972) Biochim. Biophys. 
Acta 263, 830-833. 
Brumrer, H. and Sussner (1973) Biochim. Biophys. Acta 
310,20-31. 
143 
Volume 48, number 1 FEBSLETTERS November 1974 
(41 Hoard, J. C. (1966) in: ‘Hemes and Hemoproteins 
(B. Chance, R. W. Estabrook and T. Yonetani, eds.) 
Academic Press, New York, p. 9-24. 
[S] Perutz, M. F. (1970) Nature 228,726-739. 
(61 Kendrew, J. C. (1963) Science 1259-1266. 
[ 71 Konigsberg, W. and Lehmann, H. (1965) Biochim. Bio- 
phys. Acta 107,266-269. 
[ 81 Shimizu, A., Tsugita, A., Hayashi, A. and Yamamura, Y. 
(1965) Biochim. Biophys. Acta 107, 270-277. 
[9] Motokawa, Y., Hayashi, N. and Kiguchi, G. (1964) Arch. 
Biochem. Biophys. 105,612-619. 
[lo] Greer, J. (1971) J. Mol. Biol. 59,107-126. 
[ 111 Mayer, A., Ogawa, S., Shulman, R. G. and Gersonde, K. 
(1973) J. Mol. Biol. 81,187-197. 
1121 Gersonde, K., Overkamp, M., Sick, H., Trittelvitz, E. and 
Junge, W. (1973) Eur. J. Biochem. 39,403-412. 
1131 Sick, H. and Gersonde, K. (1974) Eur. J. Biochem. 45, 
313-320. 
[14] Perutz, M. F. (1972) Nature 237,495-499. 
1151 Muller, C. H. and Kingma, S. (1961) Biochim. Biophys. 
Acta 50,595. 
1161 Winterhalter, K. H., Di Iorio, E. E., Beetlestone, J. G., 
Kushimo, J. B., Uebelhack, H., Either, H. and Mayer, A. 
(1972) J. Mol. Biol. 70,665-674. 
[ 171 Winterhalter, K. H., Andersen, N. M., Amiconi, G., 
Antonini, E. and Brunori, M. (1964) Eur. J. Biochem. 11, 
435-440. 
[ 181 Trittelvitz, E., Gersonde, K. and Winterhalter, K. H., sub- 
mitted for publication. 
[19] Benesch, R., Benesch, R. E. and Yu, C. 3. (1968) Proc. 
Natl. Acad. Sci. U.S.A. 59,526-532. 
[20] Gersonde, K., Sick, H. and Overkamp, M. (1973) Ab- 
stracts VIIth International Berlin Symposium on Struc- 
ture and Function of Erythrocytes, pp. 365 -367. 
144 
